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Abstract 
In the circumstance of rapid progress of Chinese aviation industry and ambitious development of aeronautical 
manufacturing projects, the current airworthiness certification system of Civil Aviation Administration of China 
(CAAC), which includes the legislation frame, airworthiness regulations and organization chart, is introduced. Now 
the CAAC airworthiness certification system still faces the challenges of the industry progress. The vision of CAAC 
airworthiness certification system and the key elements of the system improvement are discussed. The main concern 
is how can the industry’s resources be used for the airworthiness authority to fully take authority’s responsibilities 
during certification. The traditional way to use industry’s resources is implementing delegation system. With 
delegation system, the authority can directly use industry’s resources. Considering that the delegation system depends 
on the individual decision-making, different behaviors of individuals as a designee and in organization are studied 
from the viewpoint of the organizational behavior. Requiring design organization to implement the design assurance 
system (DAS) is selected as another option, and the idea of organization certification is presented. After carefully 
comparing the advantages and disadvantages between product certification and organization certification, and also 
between designee system and design organization respectively, the methodology of using designee system and 
requiring design organization to implement the design assurance system (DAS), as the way of transferring from the 
solely aviation product certification to the certification of product and organization, is proposed. And the core 
requirements of DAS are concluded. Following the vision, key elements, and clear development methodology of 
CAAC airworthiness certification system, detailed actions to achieve the final goal are presented as well. 
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1. General Introduction of Airworthiness Management 
Carrying out airworthiness management by way of legislation is the international common practice to 
ensure aviation safety. Aircraft operational safety is one of the most important elements for aviation safety. 
To ensure an aircraft operates in safe conditions, it is necessary to demonstrate that its design and 
construction are in compliance with the applicable requirements. That is the main purpose of the 
airworthiness management, and the verification of such compliance is entrusted to the airworthiness 
authority by a state legislation action [1]. 
According to the International Civil Aviation Organization (ICAO) Doc 9859 (AN/474) Safety 
Management Manual (SMM), safety is the state in which the risk of harm to persons or property damage 
is reduced toˈand maintained at or below, an acceptable level through a continuing process of hazard 
identification and risk management [2]. Normally, airworthiness standards set the minimum safety level 
of the aircraft that can be accepted by public, and each ICAO contracting state has established the 
legislation system to publish the airworthiness standards and invested corresponding resources to 
implement the airworthiness management. 
2. Chinese Airworthiness Certification System’s Resources 
The philosophy of airworthiness management in China is consistent with the international practices. 
According to the Civil Aviation Law of People’s Republic of China [3], the Civil Aviation Administration 
of China (CAAC) is responsible for the airworthiness certification management of civil aviation product 
in China. CAAC airworthiness certification system was founded in 1980s. Along with the rapid progress 
of civil aviation operations and the quick development of civil aviation manufacturing industry, CAAC 
airworthiness certification system grows up and supports the aviation safety by ensuring the airworthiness 
of the civil aviation products through airworthiness management. 
2.1. History of CAAC Airworthiness Certification System 
In 1980s, Chinese aviation manufacturing industry starts to build civil aircraft and try to enter the 
commercial aviation transportation market. Both industry and CAAC as the authority realized that, only 
by introducing airworthiness standards and management can the aircraft safety be achieved. Therefore, 
most of airworthiness regulations such as Part 21, 23, 25, 27, 29, 33, 35 were originally published in 
1980s, a specific department in CAAC is appointed to be in charge of airworthiness certification and 
certification centers were founded at the location of Chinese main aviation manufacturers. Several 
airplanes such as Y12, a Part 23 airplane and Y7, a Part 25 airplane got CAAC Type Certificate (TC). 
Since McDonnell Douglas MD-82 airplane final assembly line was set in Shanghai Aircraft 
Manufacturer and CAAC started to conduct the production surveillance on that final assembly line, 
international cooperation between Chinese aviation manufacturing industry and foreign partners became a 
trend in 1990s. Thus CAAC airworthiness certification system strengthened the cooperation with foreign 
airworthiness authorities such US Federal Aviation Administration (FAA). The bilateral airworthiness 
agreements were signed, and civil aviation products with CAAC TC were accepted by foreign authorities. 
In the new century, steady social and economic development accompanies with the quick progress of 
civil aviation operations and civil aviation manufacturing industry. Chinese aviation manufacturing 
industry decides to return to the market of civil commercial transport airplane. ARJ21-700 project (a twin 
turbofan engine regional jet) was launched in 2003 and then C919 project (a 150-seats twin-engine 
airplane) was launched in 2011. CAAC airworthiness certification system reconstructs its organization 
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accordingly, and the airworthiness regulation system becomes more and more complete to meet the 
expectations from the industry. 
2.2. Customer base of CAAC Airworthiness System 
CAAC airworthiness system serves not only for aviation operations but also for civil aviation 
manufacturing industry. In the last decade, the growth of Chinese civil aviation industry maintains more 
that 10 percent per year, and China plays the second place of civil aviation transportation since 2005. In 
the first half of 2013, the whole industry has 2064 transport airplanes and completes transportation flights 
around 3.3 million flight hours (more than 5.6 million flight hours in 2012) and 1.5 million flights. As an 
example, the rapid increase of CAAC transport airplane fleet can refer to fig. 1. 
 
Fig. 1. Rapid Increase of Chinese Civil Aviation Transportation Industry 
Besides the civil aviation operations, CAAC airworthiness certification system also provides type and 
production certification services to civil aviation products and articles manufacturers. Till July 2013, 
CAAC issues more than 1000 design approvals and production approvals to the manufacturers, and signs 
more that 160 bilateral agreements with foreign airworthiness authorities. 
In general, till July 2013 the customer base [4] of CAAC airworthiness certification system can 
summarize as Table 1. 
Table 1. Customer Base 
 Number 
Transport airplane 2064 
General aviation aircraft 1399 
Type Certificates and equivalent approvals issued 42 
Validation of Type Certificates (note 1) issued 247 
Supplemental Type Certificates and equivalent approvals issued 209 
Validation of Supplemental Type Certificates (note 2) issued 642 
Production Certificates issued 16 
Parts Manufacturer Approvals issued 81 
China Technical Standard Order Authorizations issued 42 
Validation of Design Approval (note 3) issued 68 
Chinese Airworthiness Directives issued 7788 
Bilateral Partners (countries or regions) 21 
Bilateral agreements and arrangements signed 160 
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On the above-mentioned base, Chinese civil aviation industry is forecasted to maintain rapid growth in 
the future decades, and civil aviation manufacturing industry has launched and will launch numbers of 
projects as follows: 
x Airplanes: C919, ARJ21, JL600, CJ7, Seagull 300, Y12F, N5B 
x Helicopters: AC310, Z15 
x Aero Engines: WZ8C, WZ8J, WZ16 
x Propellers: JL1, JL1A, JL4, JL4A 
2.3. Airworthiness Legislation 
To set the minimum safety standards for civil aviation products operated in China, a legislation system 
for airworthiness management was created at the same time with the CAAC airworthiness certification 
system’s establishment. 
For the laws, rules and regulation that have been legally binding, there are 3 layers: 
x Civil Aviation Law, which is signed by the president of China and issued by the National People's 
Congress; 
x Civil Aircraft Airworthiness Rule and Nationality Registration Rule, which are sign by the Premier of 
China and issued by the State Council; 
x Chinese Civil Aviation Regulations (CCARs), which are signed by the Administrator of CAAC and 
issued by the CAAC. All airworthiness related regulations are summarized as Table 2. 
Table 2. Airworthiness related regulations 
Management Regulation – CCAR 21: Certification Procedures for Products and Parts 
Airplane CCAR 23: Airworthiness Standards: Normal, Utility, Acrobatic, and Commuter Category Airplanes 
CCAR 25: Airworthiness Standards: Transport Category Airplanes 
CCAR 26: Continued Airworthiness and Safety Improvements for Transport Category Airplanes 
Rotorcraft CCAR 27: Airworthiness Standards: Normal Category Rotorcraft 
CCAR 29: Airworthiness Standards: Transport Category Rotorcraft 
Balloon CCAR 31: Airworthiness Standards: Manned Free Balloons 
Engine CCAR 33: Airworthiness Standards: Aircraft Engines 
Propeller CCAR 35: Airworthiness Standards: Propellers 
Appliance CCAR 37: Chinese Technical Standard Orders 
Environment Protection 
Requirements 
CCAR 34: Fuel Venting and Exhaust Emission Requirements for Turbine Engine Powered Airplanes 
CCAR 36: Noise Standards: Aircraft Type and Airworthiness Certification 
Management Regulation – CCAR 39: Airworthiness Directives 
Management Regulation – CCAR 45: Identification and Registration Marking 
Management Regulation – CCAR 53: Rules for Airworthiness Management of Civil Aviation Chemicals 
Management Regulation – CCAR 55: Rules for Airworthiness Management of Civil Aviation Fuels and Oils 
Management Regulation – CCAR 183: Rules for Designation of Airworthiness Representative Individuals and Organizations 
 
To provide guidance and interpretative materials, the Aircraft Airworthiness Certification Department 
of CAAC (CAAC-AAD) issues series of management procedures and advisory circulars. These 
documents are not legally binding, comparing with the laws, rules and regulations. However they provide 
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procedures and acceptable means of compliance to the regulations for both authority and industry to 
follow. 
2.4. Organization chart 
The organization of the CAAC airworthiness certification system changes along with the progress of 
civil aviation activities. Now, CAAC-AAD plays the role as headquarter in CAAC airworthiness 
certification system, and certification divisions in seven regional administrations of CAAC act as a 
regional office, which are responsible for their geographic areas. Depending on the manufacturing 
activities in specific area, manufacturing surveillance offices are located in the safety oversight bureaus, 
which are the branches of the regional administration of CAAC. For example, a manufacturing 
surveillance office is set in Tianjin under north China regional administration of CAAC, to conduct 
production surveillance on the Airbus Tianjin final assembly line. 
Besides CAAC-AAD and certification divisions, 3 certification centers are established to take the 
responsibilities of specific category civil aviation products under the authorization of CAAC-AAD. For 
example, Shanghai certification center is responsible for transport category airplane type certification 
under the authorization of CAAC-AAD. 
And several technical organizations provide the technical assistant to the CAAC airworthiness 
certification system, including CAAC Academy (CAST), Civil Aviation University of China (CAUC) 
and Civil Aviation Management Institute of China (CAMIC). 
The organization chart of current CAAC airworthiness certification system is shown as Fig. 2. 
 
Fig. 2. Organization chart of current CAAC airworthiness certification system 
3. Analysis on Resource Demands of CAAC Airworthiness Certification System 
3.1. CAAC Airworthiness Certification System’s Vision and Challenges 
The CAAC airworthiness certification system is compatible with the current situation, and set our 
vision as “Better serve for the quick developing civil aviation operation and manufacturing industry, by 
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making the airworthiness regulation and organization complete, enhancing the competence of the 
certification staffs and increasing the capacity of airworthiness certification system”. 
However, we still face serious challenges to keep pace with the quick progress of Chinese civil 
aviation development. It is commonly believed that both civil aviation operations and manufacturing 
industry will keep increase with the booming of the Chinese economy. The CAAC airworthiness system 
is expected to further improve to serve for the industry. 
Meanwhile, more and more advance aeronautical technologies are involved in the civil aviation areas, 
such as composites aircraft structure, high integrated digital avionics, modern propulsion technology. The 
airworthiness regulation and standard system are also needed evolution. The expanding fleet and longer 
service time of the aircrafts need more human resources of the authority to conduct the airworthiness 
management. Another irresistible trend is the globalization in aviation manufacturing industry. The 
smooth international cooperation really relies on the good cooperation among airworthiness authorities 
based on the bilateral airworthiness agreements. 
As a summary, the main challenges that the CAAC airworthiness certification system is facing and the 
corresponding elements of the system which is influenced by these challenges are identified in Table 3. 
Table 3. Challenges and corresponding element of the system 
Challenges Key System Elements 
Quick increased aviation operations and manufacturing industry Completed airworthiness certification organizations 
Aeronautical technology innovation Completed airworthiness regulations and standard system 
Overall life cycle airworthiness management Sufficient human resources in airworthiness authority 
Globalized aviation activities Good cooperation among airworthiness authorities based on the 
bilateral airworthiness agreements 
3.2. Experiences on Current Resource Utilization 
Of course, building more robust airworthiness certification system with good standards and sufficient 
human resources is one of the options to deal with the above-mentioned challenges. However, the 
question is, is there a smarter way to improve the airworthiness system? When we look inside the system 
to set new certification offices, to amend the regulations and to get more competent staffs, can we find 
any valuable resources outside? 
Traditionally, the CAAC airworthiness certification is more focused on the product certification. That 
means, the authority will review the design of specific product, and make compliance determinations to 
decide whether the applicant successfully shows its design compliance with airworthiness standards or 
not. This requires excessive input of authority resources. 
Another option is using the industry’s resources to reduce the authority resources involved. The one 
significant benefit of using industry’s resources is that the authority’s resources can be put in the key 
safety areas and novel technology, and this option can promote the safety with high efficiency. 
Therefore, delegation system was established in 1992, at the beginning of CAAC airworthiness 
management. CCAR 183 regulates the requirements of designated representatives. Delegation system is a 
flexible way to directly use industry’s resources by the authority. Assistance by the delegated 
representatives in engineering and manufacturing inspection areas, the authority can reduce the direct 
involvement of its own staffs and save the costs of both the authority and the industry. 
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According to CCAR 183, two kinds of designated representatives are use: 
x Designated Engineering Representatives, DER 
x Designated Manufacturing Inspection Representatives, DMIR 
DERs are widely used in design approval process and certificate management. They review the 
specific drawings and analysis/computation reports. They have many experiences in their areas of 
expertise. With DERs’ assistance, the authority pays more attention on the key areas of design approval 
process, such as developing certification plan, determining certification basis, identifying the novel and 
unique design features to propose the special conditions, witnessing the tests and approving the test plans 
and reports. 
DMIRs are widely used in production approval process. They review the aviation products and articles 
conformance, monitor the special process, and sign the airworthiness approval for each product or article 
to be delivered. They work for the manufacturer and are familiar with the production line and quality 
system, they have many experiences in production skill, quality inspection, special process such as 
Nondestructive Testing, NDT. With DMIRs’ assistance, the authority can pay more attention on the key 
areas of production approval process, such as quality system evaluation and surveillance. 
Using designee means directly using industry’s human resource by the authority. As individual, 
designee is expected to present their integrity, sound judgment, and a cooperative attitude in the decision-
making on behalf of the authority. However the rational decision-making of designee, as an individual, is 
limited to a kind of bounded rationality [5]. There are many errors and bias the designee may cause˖ 
x Designees have plenty of experiences, therefore they may be affected by over confidence and 
anchoring bias. For example, a DMIR working for a PMA company has signed thousands of 
airworthiness approval tags for its PMA articles, he/she is easy to overlook the occasional 
nonconformance and unintentionally release the nonconforming articles into service. 
x Designee is the employer of the industry but work for the authority. The conflicting roles may induce 
designee decision-making with utilitarianism standard instead of sound judgment. For example, 
rejecting the results of test by a DER will result in the repeated test. This always causes increased costs 
and delay in project. As an employer of the industry, the DER may approve the noncompliance result 
on behalf of the authority from the industry’s interests. 
3.3. System Approach in Resource Utilization 
As above discussed, the traditional airworthiness management relies on the product certification. That 
means, detailed design review of the product and compliance determinations should be done by the 
authority or designee on behalf of the authority. The decision of compliance depends on the individual 
decision-making. 
There is another option. From the viewpoint of the organizational behavior, the performance of 
individual decision can be improved when the individual works in a group or organization [5]. It is 
common believed that more comprehensive and complete information and knowledge can be accessed 
from the group than individual. That means more input during group decision-making than individual. 
Therefore, the effectiveness of group decision-making normally is better than the individual decision-
making. 
Based on this philosophy, another methodology of the airworthiness management is the organization 
certification other than the product certification. The authority can rely on the industry’s design capability 
of its organization and the procedures on how showing its design meets the airworthiness standards by 
requiring the applicant to establish its design assurance system (DAS). 
Design assurance system is a systematic approach guaranteed by the organization’s capability. Design 
assurance system requires sufficient and appropriate qualified people in the organization, appropriated 
675 Yin Shijun /  Procedia Engineering  80 ( 2014 )  668 – 676 
responsibilities given to the people, appropriate procedures the people must follow, and good 
coordination between and within different modules of the organization. 
A typical design organization can be designed based on the functions other than the departments, 
including design function, airworthiness function and independent surveillance function. An example of 
DAS is shown in Fig. 3. 
 
Fig. 3. Example of DAS 
The requirements of design assurance system (DAS) is firstly proposed for ARJ21-700 airplane project 
and fully used for C919 project. The applicant of ARJ21 and C919, Commercial Aircraft Corporation of 
China, Ltd. (COMAC), starts to set its design assurance system in according with the CAAC 
requirements. The main benefits COMAC gets from establishing its design assurance system are as 
follows [6]: 
x More effective organization structure definition: clear responsibilities of project management 
department, supplier management department and airworthiness management department within 
COMAC, in the viewpoint of integration of research & developing process and certification process; 
x Continuing mechanism of employers’ career development with the training system; 
x Complete procedures and implementation guidance incorporated in the design assurance manual, 
covering the project management, airworthiness documents, configuration control documents, 
engineering documents and quality assurance. 
Although the effectiveness of group decision-making normally is better than the individual decision-
making, there still exits disadvantages of group decision-making, comparing with the individual decision-
making. Group decision-making is more time consuming than individual decision-making. That means, 
when we enjoy the better effectiveness given by the group decision-making, we also suffer the lower 
efficiency. Lower efficiency normally means higher cost consuming. 
Comparing the costs and benefits between delegation and DAS, delegation system is more flexible and 
suitable for medium or small size company and certification projects of parts or product alteration and 
modification, while DAS is more complex and suitable for big size company and certification projects of 
aircraft, engine and propeller. 
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Therefore, the requirements of implementing delegation system and DAS are provided to the industry 
as two options. Each company can choose to implement delegation system or DAS to keep its balance of 
effectiveness and efficiency, based on its resources. 
4. Future Prospect 
Based on the discussion, a possible path to improve the CAAC airworthiness certification system is 
transferring from focus on product certification only to focus on both product certification and 
organization system certification. 
The authority’s responsibility is to ensure that the products comply with the airworthiness standards. 
However, the authority can still use industry’s resources and rely on industry’s organization capability to 
make determination of compliance instead of fully direct authority’s involvement. 
Flexible use of delegation is one of the good choices. The delegation areas will be expanded from 
engineering and manufacturing inspection to airworthiness inspection. The authority expects all designees 
can show their characteristics of integrity, sound judgment, and a cooperative attitude, and present their 
technical competence in area of appointment. When using delegation system, the main concerns are as 
follows: 
x  Designee’s position within a company should not result in any significant conflict of interest, and 
x  Susceptible to the pressure put on the DER by the company’s management to approve data that the 
designee believes should not be approved. 
When getting benefit from the flexibility of the delegation system, the authority also has to monitor 
designee’s works carefully to avoid these disadvantages. 
Implementation of DAS is the other good choice. In the view of the industry, establishing and 
maintaining the DAS cost much. The industry will benefit from transferring privileges from the authority. 
The very first step is privileges of certificate management. For example, the industry can classify changes 
to type design as ‘major’ or ‘minor’, and approve minor changes and repair design by itself when 
establishing a good DAS. 
There is still a long way to complete the transformation from focus on product certification only to 
focus on both product certification and organization system certification. The actions we should take now 
include revising CCAR 183 and its procedures to encourage the delegated representatives’ activities in 
the areas of engineering, manufacturing and individual aircraft airworthiness, and revising CCAR 21 to 
require DAS as the prerequisite to TC issuance. 
In future, detailed guidance materials to instruct design organization on how to establish DAS are also 
needed. Both authority and industry will gain experiences from practicing the development and 
evaluation of DAS in type certification projects. 
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